Mississippi State University

Scholars Junction
Theses and Dissertations

Theses and Dissertations

8-10-2018

Macrophomina Phaseolina and the Nature of its Relationship with
Impatiens X Hybrida
Patrick Henry McLoughlin

Follow this and additional works at: https://scholarsjunction.msstate.edu/td

Recommended Citation
McLoughlin, Patrick Henry, "Macrophomina Phaseolina and the Nature of its Relationship with Impatiens
X Hybrida" (2018). Theses and Dissertations. 2987.
https://scholarsjunction.msstate.edu/td/2987

This Graduate Thesis - Open Access is brought to you for free and open access by the Theses and Dissertations at
Scholars Junction. It has been accepted for inclusion in Theses and Dissertations by an authorized administrator of
Scholars Junction. For more information, please contact scholcomm@msstate.libanswers.com.

Template B v3.0 (beta): Created by J. Nail 06/2015

Macrophomina phaseolina and the nature of its relationship with Impatiens x hybrida.

By
TITLE PAGE
Patrick Henry McLoughlin Jr.

A Thesis
Submitted to the Faculty of
Mississippi State University
in Partial Fulfillment of the Requirements
for the Degree of Master of Science
in Plant and Soil Sciences; Horticulture
in the Department of Plant and Soil Sciences
Mississippi State, Mississippi
August 2018

Copyright by
COPYRIGHT PAGE
Patrick Henry McLoughlin Jr.
2018

Macrophomina phaseolina and the nature of its relationship with Impatiens x hybrida.
By
APPROVAL PAGE
Patrick Henry McLoughlin Jr.
Approved:
____________________________________
Shaun Broderick
(Major Professor)
____________________________________
Richard Baird
(Committee Member)
____________________________________
Richard L. Harkess
(Committee Member)
____________________________________
Geoff Denny
(Committee Member)
____________________________________
Michael S. Cox
(Graduate Coordinator)
____________________________________
J. Mike Phillips
Department Head
____________________________________
George Hopper
Dean
College of Agriculture and Life Sciences

Name: Patrick Henry McLoughlin Jr.
ABSTRACT
Date of Degree: August 10, 2018
Institution: Mississippi State University
Major Field: Plant and Soil Sciences; Horticulture
Major Professor: Dr. Shaun Broderick
Title of Study: Macrophomina phaseolina and the nature of its relationship with
Impatiens x hybrida.
Pages in Study: 54
Candidate for Degree of Master of Sciences in Horticulture and Plant Pathology
Macrophomina phaseolina is a generalist ascomycetic fungal pathogen, capable
of infecting over 500 genera of plants and limiting yield in crops grown in Mississippi.
Recent documentation of M. phaseolina on Impatiens × hybrida, a newfound host, has
merited multiple experiments to quantify the exact nature of this relationship. Despite M.
phaseolina being a soil-borne pathogen, disease symptoms were only reported in
aboveground tissue. Mode of infection experiments revealed both above and
belowground tissues are susceptible to infection. In vitro experiments identified the
optimal temperature for the growth of M. phaseolina to be 26°C, where more than 10x
the accumulated biomass resulted compared to samples grown at 37°C. Impatiens ×
hybrida hosts were particularly prone to infection at temperatures above 27°C. In vitro
fungicide assays revealed Banrot and T-Bird to be suitable chemical control agents for
limiting M. phaseolina growth.
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CHAPTER I
LITERATURE REVIEW
Abstract
Impatiens (Impatiens spp.) are an important commercial crop for bedding plant
producers in the U.S., being ranked second in domestic bedding plant sales in 2007.
Gardeners and landscapers generally find them abundantly colorful and easy to grow and
they generally flower throughout the growing season. In 2015, Macrophomina
phaseolina was found in the trial garden flowerbeds at the Truck Crops Experiment
Station in Crystal Springs, MS. To help mitigate damage to impatiens, experiments were
conducted to learn more about the relationship between this pathogen and its newfound
host. The temperatures wherein M. phaseolina thrives both in vitro and in the host needed
to be quantified and experiments conducted to find possible management tools to combat
infection. We hypothesize these experiments will ultimately provide a means to mitigate
M. phaseolina infection as well as direct future studies.
Impatiens in the marketplace
Impatiens are one of the most prominent and important genera of the horticulture
industry, both domestically and around the world. They rank third in domestic bedding
plant sales with sales over $214 M in the U.S. alone (USDA 1999, 2010, & 2015). Their
value has declined in the marketplace since 2007, most likely because of reports of
Impatiens Downy Mildew, which were first published in 2004. This disease is caused by
1

Plasmopara obducens, which completely defoliates impatiens in the spring and early
summer (Wegulo et al., 2004). In 2012, impatiens dropped to only 9.9% of all annuals
sold, compared to 13.1% in 2007 and 15.8% in 1998 (USDA 1999, 2010, & 2015).
Because of the severity of the disease and to adapt to shifting market trends,
producers began selecting alternative plant material. Instead of growing mostly I.
walleriana, production shifted to other species like I. hawkerii and interspecific hybrid
impatiens resistant to the disease. Typically, these non-I. walleriana types have been
selected and bred to thrive under high temperatures and light intensities. Since 1998,
cultivars from interspecific hybridization have gained substantial market share, rising
from 22.9% ($49 M) of the estimated $213 M impatiens market of 1998, to 46.5% ($100
M) of the $214 M impatiens market in 2012 (USDA 1999, 2010, & 2015).
Emergence of Macrophomina on impatiens
Recent reports of a new fungal pathogen, Macrophomina phaseolina, which
causes impatiens stem canker, could influence current market trends. This fungus was
isolated from cultivars of impatiens in Mississippi in the summer of 2015. Plants
performed well during the season; however, near the end of July they developed stem
cankers and died within a 2 to 3-week period (Broderick et al., 2016). During this time,
daytime highs averaged 37°C and nighttime lows averaged 24°C with no precipitation;
however, soil moisture was maintained through drip irrigation. This soil-borne disease
flourishes in hot, dry weather and the disease symptoms can be easily misdiagnosed as
excessive heat or drought stress. This new disease report may cause further declines in
impatiens sales as producers, retailers and landscapers shift to other bedding plant
options.
2

Macrophomina’s impact on agriculture
Macrophomina phaseolina has been reported to infect over 500 genera including
petunia, soybeans, corn, sorghum, and sunflowers (Dawar & Ghaffar, 1998; Cloud &
Rupe, 1994). The disease is manifested when plants are undergoing drought and heat
stress. In soybeans, the disease is known as charcoal rot and is reported in all production
areas throughout the world (Ma, 2010). In the U.S. State of Missouri it was ranked the
second most damaging disease to soybeans from 1990-1994 (Su et al., 2001; Smith &
Carvil, 1997). Yield loss in the U.S. alone during 1994 was 0.28 metric tons or $60.65 M.
Worldwide, soybeans experienced a 4.2% loss in yield in 2006 from the disease (Wrather
et al., 1998) with one author claiming it to be the second most damaging crop disease in
the southern region from 1990-1994 with reports of up to 50% losses being recorded in
extreme cases (Su et al., 2001).
This pathogen is an opportunist and is most prominent when plants are already
environmentally stressed (Pratt et al., 1998; Yildiz et al., 2010). Growers can easily
mistake disease symptoms as water stress while inadvertently allowing the disease to
proliferate for years before proper diagnosis (Papavizas, 1977; Mihail, 1989). The wide
host range, persistent nature, and yield loss severity due to this disease has caused it to
become an issue for farmers. Commercial crop growers can mitigate the disease through
proper irrigation techniques, crop rotation and soil treatment but these methods do not
eradicate microsclerotia from the soil (Lodha, 1995; Lodha et al., 2003; Kendig et al.,
2000).
Broderick et al. (2016) coined the disease name Impatiens Stem Canker (ISC) to
reflect the wounds that develop on impatiens’ stems as the disease spreads. These cankers
3

can spread rapidly to the point where they disrupt a plant’s vasculature and prevent water
uptake to the rest of the stem. The reduction in stem turgidity and the damage to the stem
leads to its collapse. The growth of the disease can be so severe the plants will rot down
to the crown. The infected tissue can act as inoculum in the soil and perpetuate the
disease for the following season (Baird et al., 2003).
Macrophomina phaseolina is a formidable pathogen for breeders. This
polyphagous fungus varies widely in its morphology, pathogenicity, physiology and
genetic diversity, enabling it to be highly adaptive and persistent in most environmental
conditions (Su et al., 2001). Finding genetic resistance has proven difficult, but some
studies have been successful. For example, screening populations of castor identified
quantitative trait loci (QTL) potentially responsible for resistance to M. phaseolina
infection (Tomar et al., 2017). Similar techniques have revealed significant variances in
disease susceptibility in screenings of muskmelon panels (Ambrosio et al., 2015).
Soybean plants are particularly susceptible to M. phaseolina infection and screening
ancestral germplasm found candidate genes that play a role in blocking pathogen growth,
with limited applications in the field due to lack of genetic mapping and complete
resistance (Pawlowski et al., 2015). QTLs have also been identified that control
resistance to M. phaseolina in common bean, cowpea and sorghum (Hernández-Delgado
et al., 2009; Muchero et al., 2011; Reddy et al., 2008). The need for development of
mapping populations and diversity panels has led to slow progress in the search for
genetic resistance to M. phaseolina.
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Potential routes for management
Macrophomina phaseolina’s soil-borne and persistent nature prevents commercial
growers from easily controlling it. Homeowners and small businesses are typically
underequipped to control this disease pressure. If the disease is detected in a certain area,
M. phaseolina has likely been incubating in the soil for many years (Sharma et al., 1995).
In nearly all hosts, M. phaseolina can perpetuate through seed as well (Tonin et al.,
2013).
Sclerotia density in soil, soil temperature, and soil moisture are the three main
factors influencing rates of infestation (Sheikh & Ghaffar, 1987). Many fungicides and
bio-controls have been screened against this pathogen in hopes of finding control
measures. Mild success has been found with bio-controls like Bacillus subtilus or
Trichoderma harzianum and alfalfa hay (Papavizas, 1977; Alamri et al., 2012).
Fungicides, such as Captan and Benomyl, were shown to reduce sclerotia populations in
the field within 15 weeks of treatment, resulting in an 83% and 60% reduction,
respectively (Papavizas, 1977). There are effective ways for agricultural growers to cope
with M. phaseolina in the field, but this disease still poses a major threat in optimal
environmental conditions.
Soil texture and organic matter influence the efficacy of fumigation and biocontrols (Papavizas, 1977); however, Papavizas noted soil temperature and soil moisture
content were the most correlated to sclerotial survival with moist and cool soils being the
best at mitigating disease pressure. Other studies have found the efficacy of fumigation
treatments were higher overall in soils with lower organic matter (Ilyas et al., 1976).
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The overall objective is to mitigate damage of M. phaseolina in impatiens. To
accomplish this, it will be important to learn about the intricacies of M. phaseolina and its
relationship with impatiens. The goals for this research were 1) to quantify the
temperature ranges wherein impatiens hosts are the most susceptible to infection, 2) to
quantify the temperature ranges wherein M. phaseolina is able to thrive in vitro, 3) to
determine if the newly discovered isolate of M. phaseolina is capable of infecting host
plants via below ground tissues, 4) to screen fungicides in vitro as control options for M.
phaseolina, 5) to survey surrounding states for the presence of M. phaseolina on
impatiens and 6) to conduct a preliminary biodiversity panel to see if other species of
impatiens are more resistant to M. phaseolina infection. Any newly discovered
information could readily apply to controlling M. phaseolina in hosts other than
impatiens and aid in mitigating damage caused by this pathogen in a diverse panel of
crops.
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CHAPTER II
OPTIMAL TEMPERATURE FOR INFECTION OF IMPATIENS TISSUE WITH
MACROPHOMINA PHASEOLINA
Introduction
Mississippi is prone to the dry conditions and warm temperatures that favor the
growth of Macrophomina phaseolina, and reports of the pathogen infecting soybeans,
cotton, and corn in this region are common; however, Impatiens × hybrida (impatiens)
are a newly documented host (Broderick et al., 2016). The temperature under which M.
phaseolina thrives is typically above 30°C, but the optimal conditions vary somewhat
based on the host. For example, in sorghum, 35°C is optimal for infection (Arora &
Pareek, 2013), while in Cicer and Glycine max 30°C-38°C is observed as optimal for
infection (Leach & Garver, 1970; Gangopadhyay et al., 1973). Lower optimal
temperatures for in vitro studies vary from 25°-35°C (Csöndes et al., 2007). A study on
sunflower conducted in Italy found M. phaseolina isolates from distinct climatic regions
grew best at temperatures most reflective of their native region (Manici et al., 1995),
postulating that high temperatures in the soil lead to selection for heat and droughttolerant M. phaseolina. The optimal temperature for the isolate identified on impatiens
(isolate K4) has not been determined. The goal of this experiment is to identify the
temperature range wherein impatiens are the most prone to infection by this isolate of M.
phaseolina. Through this study, we can begin to understand potential geographic regions
7

prone to infections and the time of year impatiens are the most vulnerable. This is critical
information for developing management practices that are both sustainable and effective
in impatiens.
Materials and Methods
The experiment was conducted within four growth chambers (Percival model 135LLVL, Percival Scientific, Perry, IA), which were sanitized with ZeroTol (Biosafe,
East Hartford, CT) before the trial and set to 22°C, 27°C, 32°C and 37°C for daytime and
22°C for nighttime temperatures. All chambers were set on a diurnal cycle with 16 hours
of light (95 µmol·m-2·s-1 on average) and 8 hours of darkness. A total of 32 plants were
grown out from commercially-sourced SunPatiens Compact Red (SCR) and SunPatiens
Compact White (SCW) plugs (Syngenta Flowers LLC, Gilroy, CA). Plugs were
transplanted into 15-cm round greenhouse pots, containing a peat/perlite based (Pro-Mix;
Premier Tech, Québec, Canada) potting media. Plants were grown out for a period of 3 to
4 weeks in single pane, glass glazed greenhouses adjacent to Dorman Hall, at Mississippi
State University (Starkville, MS), where plants were fertigated with 200 mg N·L-1 from
20N-4.4P-16.6K (Peter’s Professional 20-10-20, ICL Specialty Fertilizers, Dublin, OH).
Mature plants with multiple stems were selected for this experiment.
Treatments were arranged in a split-plot design using four temperatures (22°C,
27°C, 32°C, and 37°C) and two Impatiens × hybrida varieties (SCW, SCR). Treatments
were applied with temperature as the main plot using four replicates. The isolate of M.
phaseolina used in this study (K4) was grown on media containing 39 g of potato
dextrose agar (BD Difco, Fischer Scientific, Hampton, NH) per liter. The isolate K4 is
maintained in cryopreservation at -80°C in 20% glycerol solution at Mississippi State
8

University’s Truck Crops Experiment Station in Crystal Springs, MS. Plants were
inoculated by adapting Cohen et al.’s (2016) protocol wherein mycelia are introduced
beneath the cuticle by puncturing through the epidermal layer with the sterilized
toothpick. Two control inoculations and two M. phaseolina inoculations (termed, K4
inoculations) were administered per plant. Therefore, eight K4 inoculations and eight
control inoculations were administered for each color and temperature treatment. Four
SCR and four SCW were placed into each chamber. Each inoculation site was labeled
using small merchandise string tags. Additionally, to test the cuticle’s role in preventing
or mitigating infection, four stems were inoculated by applying mycelia topically to an
unwounded stem. Inoculation sites were monitored every two days after inoculation.
Plants were kept watered daily with clear water once the experiment began. The study
was conducted over a 3-week period. Data were analyzed using the Proc Glimmix
procedure (SAS v9.4, SAS Institute, Cary, NC) and a least-square means separation to
determine the significance of experimental variables.
Results
Plants in the 37°C chamber universally collapsed from heat exposure before
inoculation; therefore, they were excluded from the remainder of the experiment.
Wounding the stems resulted in a small necrotic area defined as a lesion in this
experiment (Fig. 2.1). These lesions grew for both control and infectious inoculations and
often led to stem girdling sometimes followed by abscission before any recordable
growth occurred. After inoculation, small lesions began to form which were dark grey to
black in color. The lesions grew larger over time, usually in line with the vasculature of
the stem (i.e., basipetally and acropetally; Fig. 2.1); however, they also expanded across
9

the stem interrupting the vasculature. This caused girdling of the stem in some instances,
particularly in lesions larger than 5 cm. Once girdled, the leaves above the lesion were no
longer supplied with water and dried out. As the stem dried, it would often abscise from
the plant entirely. Temperature significantly impacted the speed and size of lesion
growth. Lesions were the largest in the 32°C chamber where inoculation sites produced
lesions 14-fold larger on average than other inoculation sites in the trial (Table 2.1).
Mean control and K4 lesion lengths in the 22°C and 27°C chambers were similar in size.
Control lesions never expanded more than 4 cm; however, limb abscission was a
common phenomenon at temperatures above 27°C regardless of treatment. A total of
15% of the inoculation sites in this trial (both control and K4 inoculations) abscised over
the course of this experiment. Lesions larger than 10 cm occurred 4-fold more frequently
in SCR than in SCW (for K4 inoculations) at 32°C. Unwounded inoculation sites led to
no recordable growth or activity. The unwounded K4 topical inoculations resulted in no
lesion formation.
Discussion
Macrophomina phaseolina thrives in hot, dry conditions and determining the
temperature range wherein hosts are most vulnerable is essential to predict and control
outbreaks in the summer landscape. Impatiens, specifically hybridized and selected for
better sun and heat tolerance, were unable to acclimate and survive at 37°C, indicating
high temperatures may cause significant structural compromises in stem integrity for
Impatiens × hybrida. This may have been overcome by supplying more water to hold up
against higher temperatures. As noted, control inoculations still led to the senescence and
abscission of stems on a few occasions, primarily in the 32°C chamber, indicating that
10

wounding alone can cause impatiens stems to abscise in healthy, but heat-stressed plants.
Eight K4 inoculations (and seven control inoculations) resulted in limb abscission among
the three temperatures trialed. The stem abscission is likely a physiological response to
wounding and heat stress. There was a notable difference between the performance of
SCW and SCR, specifically that SCR developed longer lesions and more frequent stem
abscission among various treatments than SCW. Abscission occurred at different rates
between cultivars; SCR experienced 13 of the 15 abscissions, while SCW accounted for
two. It is not entirely clear why there were differences between these cultivars, but there
are likely underlying genetic differences that result in slower disease progression in SCW
than SCR. Flower pigmentation is an obvious difference between the cultivars and may
play a role in the differences observed between the cultivars. This would be the case if
pigmentation production in impatiens flowers came at the expense of the plant’s overall
fitness. However, pigments, such as anthocyanin, have been shown to increase disease
resistance. For example, some legumes are more resistant to soil-borne infection from a
variety of pathogens when pigments are present (Panjehkeh et al., 2007). Therefore, there
are likely other genetic factors resulting in slower and less severe disease development.
Our research also suggests that 32°C may be a critical threshold for K4 isolate of M.
phaseolina infection in Impatiens × hybrida.
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Table 2.1

Influence of temperature and cultivar on mean M. phaseolina, isolate K4,
lesion size on SunPatiens Compact Red (SCR) and SunPatiens Compact
White (SCW) impatiens 3-weeks post inoculation.

Temperature (°C)

z

Cultivar

Control (mm)

K4 inoculation (mm)

32

SCR

39 ± 69

618 ± 59

32

SCW

28 ± 55

300 ± 55

27

SCR

25 ± 64

33 ± 55

27

SCW

33 ± 55

38 ± 55

22

SCR

28 ± 55

37 ± 52

22

SCW

25 ± 63

35 ± 63

Least Square Means separation (P = 0.05)
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Figure 2.1

A typical lesion caused by the K4 isolate of M. phaseolina on a Sunpatiens
Compact Red (SCR) impatiens in a 32°C growth chamber. This lesion was
measured to be 48 mm in length one week after inoculation.

13

CHAPTER III
MODE OF INFECTION OF MACROPHOMINA PHASEOLINA IN IMPATIENS ×
HYBRIDA
Introduction
Impatiens Stem Canker (ISC), caused by Macrophomina phaseolina, is a
devastating disease capable of collapsing an impatiens plant and its canopy quickly after
infection (Broderick et al., 2016). M. phaseolina overwinters as sclerotia in the soil and in
subsurface plant debris resulting in a reoccurring infection that increases sclerotial
density and disease incidence over time (Baird et al., 2003). Compounded with increasing
global temperatures and an already wide distribution, there is potential for earlier signs of
infection during the growing season and a higher rate of incidence. This could negatively
impact the impatiens market and reduce impatiens sales. In order to better control M.
phaseolina on this newfound host, it is essential to evaluate how this isolate infects host
plants as well as how readily infectious material can be spread. As a soil-borne pathogen,
M. phaseolina infects host roots via germinating microsclerotia in the soil. The fungus
then spreads systemically through the plant (Tonin et al., 2013). However, Fulbohm et
al., (2013) demonstrated that inoculation can occur on aboveground tissues, indicating
that rainfall events and air/insect movement may spread inoculum more than originally
thought. Disease symptoms have not been reported on impatiens roots, only aboveground
tissue (Broderick et al., 2016); therefore, the mode of infection is unclear for impatiens.
14

This experiment was designed to determine how impatiens become infected by M.
phaseolina with the goal of verifying whether the K4 isolate of M. phaseolina (originally
isolated by Broderick et al. in 2015) is capable of infecting both root and stem tissues and
whether systemic infection occurs. By including multiple inoculation locations both
beneath and on the soil surface, we can learn about the motility of inoculum in the soil
and plants and how readily infectious material can spread through watering and air
movement—typical in a production greenhouse setting. Data from this experiment will
help determine effective control methods for mitigating ISC and will be critical in the
development of future experiments.
Materials and Methods
The M. phaseolina isolate, K4, used in this study was obtained from impatiens
growing in the trial garden boxes at the Truck Crops Branch Experiment Station in
Crystal Springs, MS (Broderick et al., 2016). Isolate K4 was grown on selective media
containing 39 g of potato dextrose agar (PDA; BD Difco, Fischer Scientific, Hampton,
NH), 30 µg·ml-1 streptomycin sulfate, 10 µg·ml-1 chlortetracycline, and 50 µg·ml-1
ampicillin.
Macrophomina phaseolina was grown on agar plates at room temperature for a
period of up to two weeks before being used to inoculate a mixture of cornmeal and sand,
which was prepared by mixing 300 g of sand and 9 g of cornmeal within a flask (Brogue
et al., 1991). Then, 60 ml of distilled water was added to the media and mixed
thoroughly. After adding a foam stopper to the flask, the top was covered with aluminum
foil and autoclaved for 50 min at 15 PSI and 123°C. The autoclave procedure was
repeated 24 hours after the media cooled to room temperature. Plugs of agar containing
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the K4 isolate were made using a sterilized brass #3 corkborer (8 mm in diameter) and
then added to each flask containing the cornmeal and sand. Every 24 hours the flasks
were agitated to disperse the fungal mycelia. After 2 weeks at room temperature, the K4
isolate colonized the cornmeal and sand media, turning from a light yellow-brown color
to a dark grey color.
A total of 160 plugs of Impatiens × hybrida SunPatiens Compact Red (SCR) and
SunPatiens Compact White (SCW; Syngenta Flowers LLC, Gilroy, CA) were grown in
soil obtained from the trial garden boxes in Crystal Springs, MS where Broderick et al.
(2016) recovered M. phaseolina. The soil was autoclaved twice (over two days), each
time for 4 hours at 15 PSI and 123°C.
Standard 12-cm plastic pots were sterilized in a 10% sodium hypochlorite
solution and then rinsed. The experiment was replicated by three blocks, and pots were
equally divided into each block and assigned to one of four inoculation treatments. There
were five SCR and SCW for each treatment within each experimental block. A scoop
with a 10-g capacity was used to administer the control and K4 inoculations. For the
control inoculation, cornmeal and sand was placed directly below the impatiens plug and
after transplanting the plug, another scoop was placed on the soil’s surface. For the three
K4 inoculation treatments, the inoculum was placed either directly beneath the plug
(bottom), on the soil surface (top), or two scoops at both locations (bottom/top). Top
inoculations were distributed across the surface of the growing medium through overhead
watering. Each plant was labeled with a paint marker on the plastic pot.
Temperature data was recorded daily using Onset HOBO (Onset, Bourne, MS)
temperature data loggers. Plants were fertigated with 200 mg N·L-1 from 20N-4.4P-16.6K
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(Peter’s Professional 20-10-20, ICL Specialty Fertilizers, Dublin, OH). Plants were kept
well-watered using overhead watering practices and allowed to grow out in a greenhouse
space that regularly exceeded 38°C in the early summer of 2018. This experiment was set
up in a randomized complete block design. Plants were spaced 5 to 8 cm apart within
each of the four blocks. Each treatment contained five replicates. Four weeks after
inoculation, two stems and one root cross section were taken from each plant, surfacesterilized in 20% sodium hypochlorite (Packer & Clay, 2000; Twizeyimana et al., 2012)
for 20-30 seconds, and plated out in Petri dishes containing the previously mentioned
selective PDA. Samples containing M. phaseolina were tallied, and a binomial-count
general linear model was generated in SAS (Proc Glimmix; SAS v9.4, SAS Institute,
Cary, NC).
Results
No plants developed visible symptoms of ISC during the course of the
experiment; however, M. phaseolina was recovered from plants inoculated with K4
regardless of K4’s soil placement. Infected root tissue appeared discolored and darkened
in small areas and were only visible after washing the soil from the roots. Visible lesions
did not form on any of the aboveground tissue. M. phaseolina was recovered most
frequently from the bottom/top inoculated plants, which exhibited more than 2.5 times
more infection than either the bottom or top inoculations (P = 0.058; Fig. 3.1). Both
cultivars exhibited similar infection rates in both root and stem tissue. The recovery of M.
phaseolina from stem or root tissue was not correlated with inoculum placement.
Additionally, for all but one sample, recovery of M. phaseolina was only successful in
either the stem or the root tissue, not both. The sample from which M. phaseolina was
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recovered from both stems and roots received the bottom/top inoculation. No M.
phaseolina was found on any control plants.
Discussion
Understanding how this pathogen infects impatiens is important for determining
the most effective control methods in the landscape. By including inoculum either
beneath or on the surface of the soil we were able to examine if cultural practices such as
overhead watering, and thus media splashing up onto the plants, was a possible mode of
infection. Most positive M. phaseolina infections in this study occurred on either the stem
or root tissue of a plant, rarely both. However, the type of tissue being infected in this
study was not statistically significant when modeled with inoculum placement. Bottom or
top inoculations did not confer higher infection rates to roots and stems, respectively. Our
data suggests that in 4 weeks, infection from microsclerotia in the soil occurs on a local
level. Systemic spread of M. phaseolina may not occur as readily in impatiens or may
require more time. In Chapter II, inoculum was either topically or subcuticularly applied
to stem tissue, which allowed for infection to occur only at specified lesion sites in an
artificial manner. This experiment is unique in that inoculum was not applied directly to
the stems, but rather, it was added in specific locations in the soil and then allowed to
infect impatiens through a more natural means. In this study, the only source of inoculum
was in the soil. Bottom and top inoculations each received 10 g of inoculum, while the
bottom/top inoculation received 20. Doubling the amount of inoculum resulted in 2.5x
higher infection rates at a p-value of 0.058. Both cultivars had similar infection rates, and
roots were successfully infected in this study, confirming that belowground tissues are
susceptible to infection.
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Figure 3.1

Number of times M. phaseolina was successfully plated out from tissues of
Impatiens × hybrida plants, 4 weeks after inoculation. Bottom/top
treatments received twice the amount of inoculum compared to bottom and
top. Error bars represent ± SE. Bars designated with the same letter are not
statistically different, based on a p-value set at 0.058.
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CHAPTER IV
TEMPERATURE’S IMPACT ON DRY WEIGHT ACCUMULATION OF
MACROPHOMINA PHASEOLINA ISOLATES, 174A, K4, AND MP1
Introduction
Macrophomina phaseolina is a widely distributed fungal pathogen that has been
reported to infect over 500 genera of plants and is typically manifested in cankers or
lesions that are black in color (Kaur et al., 2012). It is an ascomycete capable of
producing both pycnidium and conidia in culture, but most often forms asexual
microsclerotia as both a means of surviving and infecting new hosts (Radwan et al., 2014;
Dhingra & Sinclair, 1975). There is no known sexual stage for this fungus, although there
is remarkable diversity between various isolates of this species. M. phaseolina was
designated under many names in the early 1900s, including Macrophoma phaseoli and
Rhizoctonia bataticola (a pycnidial stage on sweet potato that was alternatively named in
1890; Kaur et al., 2012).
Macrophomina phaseolina readily forms colonies on potato dextrose agar (PDA),
which appear grey in color. Microsclerotia are visible on the surface of the colony within
the first 2 weeks of growth at room temperature. The mycelia are initially translucent and
can quickly form a dense mat where microsclerotia eventually develop. M. phaseolina
thrives in the dry, hot conditions in which its hosts are often coping with stress (MayekPérez et al., 2002).
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Microsclerotia are generally perceived to be the causal agent for infecting a host.
Once germinated, the hyphae growth extend out from the sclerotia until a suitable host is
found. After hosts are perceived to be in proximity, new infectious appressorium will
form to break the cuticle (Dhingra & Sinclair, 1977; Mayek-Pérez et al., 2002). The
pathogen overwinters in the soil via microsclerotia where it can remain inert, but still
pathogenic, for prolonged periods of time (Baird et al., 2003). The pathogen quickly
infects host tissues as microsclerotia come in contact with plant tissues. The sclerotia then
germinate, produce infection hyphae, penetrate through the cuticle and epidermal tissue,
and spread throughout the plant (Mayek-Pérez et al., 2002). In Cicer, the infection of the
cambium and the phloem cells occurs after epidermal infection (Singh et al., 1990). A
similar infection process likely occurs for impatiens, as impatiens plants grown in
previous experiments (Chapter II) also exhibited lesions developing along the length of
the stem aligned with the vasculature. The K4 isolate of M. phaseolina that infects
impatiens is very aggressive, and capable of killing its host in less than two weeks under
optimal environmental conditions (Broderick et al., 2016). It is unclear if this pathogen is
a different isolate or more pathogenic from other M. phaseolina isolates, which infect
other crops such as soybeans. It is also unclear how readily K4 changes after being reisolated from infected impatiens. Our objective was to screen the growth rates of three M.
phaseolina isolates by measuring dry weights over time as one indication that isolates
found on impatiens may be different from other M. phaseolina isolates. Three isolates of
M. phaseolina were grown at three different temperatures in liquid media to determine
the most favorable environmental conditions for growth in vitro. An optimal temperature
range for further in vitro studies was determined.
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Materials and Methods
Macrophomina phaseolina isolates 174A, K4, and MP1 were utilized for this
study in two temperature experiments, which were conducted consecutively. Isolate K4
was obtained from impatiens growing in the trial garden boxes at the Truck Crops Branch
Experiment Station in Crystal Springs, MS (Broderick et al., 2016). Isolate MP1 was a
subculture of K4 derived from infected impatiens, and isolate 174A was originally
cultured from infected soybeans by Dr. Richard Baird (Mississippi State University,
Starkville, MS). The first trial compared isolates K4 and 174A, and the second trial
compared K4 and MP1. The isolates K4 and MP1 are maintained in cryopreservation at 80°C in 20% glycerol at Mississippi State University’s Truck Crops Experiment Station
in Crystal Springs, MS.
Isolates were grown on selective media containing 39 g of potato dextrose agar
(BD Difco, Fischer Scientific, Hampton, NH) 30 µg·ml-1 streptomycin sulfate, 10 µg·ml-1
chlortetracycline, and 50 µg·ml-1 ampicillin. Liquid glucose-yeast extract media was
prepared following Barnet’s (1970) protocol without antibiotics (Table 4.1). After
aliquoting 50 ml of media into flasks, they were autoclaved for one hour at 123°C and 15
PSI. M. phaseolina was grown on agar plates containing selective media at room
temperature for a period of up to two weeks before using a sterilized #3 brass corkborer
(8 mm in diameter) to produce plugs for inoculation. Each flask received one mycelial
plug for inoculation and was sealed using Parafilm (Bemis, Oshkosh, WI) and then
distributed into model G-24 incubators (New Brunswick Scientific Co. Inc., Edison, NJ).
A set of 15 flasks for each isolate as well as eight controls were distributed among the
incubators set at 26°C, 32°C, or 37°C, making a total of 38 flasks in each incubator (two
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isolates × 15 samples + eight controls). Flasks were manually shaken every other day for
the duration of the experiment to distribute the fungal pathogen evenly. Dry weights were
recorded from five samples and eight controls per treatment every 7 days and repeated
every week for 3 weeks. To obtain dry weight measurements, media were filtered out of
sample vessels using Whatman no. 2 filter paper (GE Healthcare, Little Chalfont, UK)
and vacuum filtration. The filter paper (containing wet mycelia and fungal material) was
placed in an aluminum boat and labeled. Samples were dried at 50°C in a desiccating
chamber for 24 hours and then weighed. Mean control weights were measured during
each collection date and deducted from all samples on that day to attain M. phaseolina
dry weights for analysis. Dry weight data were analyzed using the Proc Glimmix
procedure (SAS v9.4, SAS Institute, Cary, NC) and a least-square means separation to
determine the significance of experimental variables.
Results
All isolates, K4, MP1 and 174A, grew at comparable rates and were not different
from one another. Uncontaminated samples, which were grown at higher temperatures or
for longer periods, displayed hindered growth and red pigmentation in the growth media
likely due to autolysis. Time and temperature impacted growth, with samples increasing
in biomass over time (Fig. 4.1). The mean dry weight for all isolates was 0.48 g after 3
weeks at 26°C (Table 4.2), but decreased in biomass as temperature increased. Samples
grown at 37°C reported dry weights that had 90% less accumulated biomass than samples
grown at 26°C. Additionally, sample dry weights at week three had 87.6% more biomass
than samples processed after one-week post inoculation.
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Discussion
The original report of M. phaseolina in impatiens occurred during the summer
when the mean daytime temperatures were 37°C (Broderick et al., 2016). However, this
in vitro assay showed that M. phaseolina grew optimally between 26°C and 32°C.
Temperatures above 32°C may compromise the host to the point M. phaseolina can
readily infect impatiens. However, diurnal differences in temperature may allow M.
phaseolina to recover and prepare during the cooler nighttime temperatures so daytime
highs are less damaging. M. phaseolina appears to be prone to autolyzation when grown
in vitro at constant higher temperatures. After two-weeks post inoculation, M. phaseolina
produces a variety of enzymes to break down host plant tissues and render them
vulnerable to infection and many of these compounds are in peak production after 5 to 10
days of growth (Ramos et al., 2016). These enzymes can cause autolysis when no host
tissues are present. This leads to self-digestion of the fungus as excessive amounts of
enzymes are produced and become concentrated in the media solution (Ramos et al.,
2016). M. phaseolina isolates from Impatiens × hybrida and soybean behave similarly in
vitro when grown in 50 ml of liquid basal media for three weeks. This study revealed that
the K4 and MP1 isolates did not accumulate biomass faster than the 174A isolate
retrieved from soybean. This study revealed that temperature can alter dry weight
accumulation in vitro. Further study is required to see if media volume, agitation, diurnal
temperature fluctuations, or other media recipes can have similar effects on dry weight
accumulation. Understanding different ways of altering environmental conditions for in
vitro studies is essential when developing the protocol for experiments screening for
fungicide activity.
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Table 4.1

Liquid basal media components for samples of M. phaseolina grown.
Adapted from culture media recipes for haustorial parasites z.
Ingredient

Amount

Glucose

25.0 g/L

Asparagine monohydrate

2.0 g/L

Yeast extract

2.0 g/L

Potassium phosphate (K2PO4)

1.0 g/L

Hydrated magnesium sulfate (MgSO4 x 7 H2O)

0.5 g/L

Biotin (5 µg/L)

1.0 ml/L

Thiamine (100 µg/L)

1.0 ml/L

Microelement solution

2.0 ml/L

-

0.2 mg FeSO4 x 7H2O

-

0.2 mg ZnSO4 x 7H2O

-

0.1 mg MnSO4 x H2O

-

1.0 L Distilled H2O

z

(Barnett, 1977)
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Table 4.2

Mean dry weight (g) of samples of M. phaseolina mycelia after being
grown for 1, 2 and 3 weeks at selected temperatures.

Date of sampling

26°C

32°C

37°C

Week 1 (day 7)

0.218 ± 0.05

0.257 ± 0.05

-0.013z ± 0.05

Week 2 (day 14)

0.362 ± 0.05

0.315 ± 0.05

0.046 ± 0.05

Week 3 (day 21)

0.480 ± 0.05

0.317 ± 0.05

0.070 ± 0.05

z

Negative values attained due to autolyzation of M. phaseolina in vitro. ± SE reported
from estimates generated by Proc Glimmix.
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Figure 4.1

(B)

Growth of M. phaseolina isolates on liquid basal media at different temperature over time. (A) Growth rate of M.
phaseolina isolates over three weeks. (B) M. phaseolina dry mass accumulation based on three temperatures. Error
bars represent ± SE. Bars designated with the same letter are not statistically different.

(A)

CHAPTER V
IN VITRO ASSAY OF FUNGICIDE TREATMENT’S EFFECTS ON GROWTH RATE
OF MACROPHOMINA PHASEOLINA
Introduction
Impatiens have been recently diagnosed as a compatible host for Macrophomina
phaseolina (Broderick et al., 2016); however, no control methods are currently available
for growers, landscapers or homeowners. Various fungicides labeled for control of M.
phaseolina contain an active ingredient thiophanate-methyl; however, not all of them are
labeled for application on impatiens. Tanos (Dupont, Wilmington, DE) is a protectant
fungicide used for specific pathogens and dissolves readily in solution. It acts by
preventing the germination of spores with two different active ingredients: Fomaxadone
and Cymoxanil. Banrot (Etridiazole and Thiophanate-methyl; Scotts Miracle-Gro
Company, Marysville, OH) is a broad-spectrum suspension curative which is systemic
and can be used after disease symptoms are present. T-Bird (Thiophanate-methyl; United
Phosphorous, Inc, King of Prussia, PA) is a broad-spectrum suspension usually applied as
a preventative fungicide when plants are being transplanted (Table 5.1). To best control
the MP1 isolate of M. phaseolina (obtained from Impatiens × hybrida) it is useful to
determine which fungicides are most effective at hindering growth. The goal of this
experiment was to identify fungicides in vitro that could be used as a viable method for
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controlling isolate MP1 by screening various concentrations of different fungicides and
evaluating their impact on M. phaseolina dry weight accumulation over time.
Materials and Methods
To evaluate the efficacy of fungicides on the growth of isolate MP1, cultures
containing specific amounts and types of fungicides were grown over a 15-day period.
Four concentrations (0.25x, 0.5x, 1.0x, and 2.0x) of each fungicide (Banrot, T-Bird, and
Tanos) were used as treatments, and dry weights of treatment groups (n = 10) were
recorded every 5 days for a total of 15 days. The M. phaseolina isolate MP1 used in this
study was previously isolated in Crystal Springs, MS from Impatiens × hybrida
(Broderick et al., 2016). The brand name, active ingredient, percent composition of the
stock solution, recommended label rates, rate of degradation and manufacturers of the
pesticides used are listed in Table 5.1 and Table 5.3. The fungicides were tested for their
ability to control or limit the growth of isolate MP1, based on manufacturers’
recommended application rates on bedding annuals or similar plants. Adjustments were
made when preparing stock solutions to ensure the 125-ml flask containing the 50-ml
media aliquot per sample would have the proper amount of fungicide (Tables 5.1, 5.2,
5.3, 5.4).
Isolate MP1 was grown on selective media at room temperature containing 39 g
of potato dextrose agar (BD Difco, Fischer Scientific, Hampton, NH) 30 µg·ml-1
streptomycin sulfate, 10 µg·ml-1 chlortetracycline, and 50 µg·ml-1 ampicillin per liter.
Mycelium plugs from a colonized Petri dishes containing PDA were removed with a
sterilized brass #3 corkborer (8 mm in diameter) and placed into autoclaved baby food
jars containing 50 ml of liquid basal media and the fungicide solution (Table 5.4). A
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quantity of 47.5 ml of media was aliquoted to each baby food jar before being autoclaved
for 50 min at 123°C and 15 PSI. Fungicides were prepared into stock solutions at 2.0x
concentration (Table 5.3; Table 5.5) before being pasteurized in a hot water bath set at
80°C for 2 hours within a closed Gibco (ThermoFisher Scientific, Waltham, MA) glass
jar. Aliquots of the sterilized stock solution were diluted from 2.0x concentration to 1.0x,
0.50x and 0.25x concentration with autoclaved nanopure water to create the final
solutions, which were then distributed into the jars of liquid media. Once a mycelial plug
was added, the baby food jars were capped with culture lids and sealed using Parafilm
(Bemis, Oshkosh, WI). Each jar was then labeled and placed in a New Brunswick Innova
44R (New Brunswick Scientific, Edison, NJ) orbital incubator set at 27°C at 90 rpm for 5
to 15 days.
The dry weights of fungal colonies were taken from ten flasks after 5 days from
each treatment group (3 collection dates × 3 fungicides × 4 treatments × 10 replicates) in
addition to 10 baby food jars of controls, which were grown without fungicide added to
the media. There was a total of 390 samples. Dry weights were obtained by first filtering
media out of sample vessels using Whatman no. 2 filter paper (GE Healthcare, Little
Chalfont, UK) and vacuum filtration. The filter paper, containing the vacuum filtered
samples, was placed inside aluminum boats labeled with a sample number. Samples were
dried at 50°C in a desiccating chamber and filter papers were then removed from
aluminum boats and weighed to determine the dry weight. Dry weight data were analyzed
using Proc Glimmix (SAS v9.4, SAS Institute, Cary, NC) and a least-square means was
used to determine significance of experimental variables.
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Results
Media void of fungicides was amenable to M. phaseolina growth, which
developed into large, shaggy spheres of grey-black mycelia that would often break apart
from the continual agitation to form additional groups of spheres over time. Additionally,
cultures often grew rings of mycelia along the sides of the glass jars at the top edge of the
liquid basal media. This was also included in the dry weight data. The mean
contamination rate of Banrot and Tanos was 4.1% and 3.1%, respectively. T-Bird and
control treatments experienced no contamination. Mycelial plugs of agar used for
inoculation in the Banrot and T-Bird treatments above 0.25x became completely coated
with the fungicides. The growth of the M. phaseolina mycelial plugs was inhibited the
most by 1.0x T-Bird and 2.0x Banrot at every collection date (Fig. 5.1, 5.2). There was a
26.6% reduction in growth by 2.0x Banrot and a 31.7% reduction by 1.0x T-Bird (Table
5.4). Tanos was not effective at controlling growth at any concentration (Fig. 5.1, 5.2).
Banrot treatments always inhibited growth; however, the inhibition of growth was not
inversely correlated with the concentration applied. A similar response was observed with
T-Bird (Fig. 5.2).
Discussion
This study examined three different fungicides and their capacity to limit the
growth of M. phaseolina in vitro. Control weights peaked at 10 days after inoculation and
decreased by 7% 15 days after inoculation. This phenomenon is common with M.
phaseolina and is due to an autolyzing process that occurs after nutrient depletion in the
growing media (Ramos et al., 2016; Trigos et al., 1995). Autolytic processes were
observed in previous in vitro studies (Chapter IV), which did not contain fungicides. This
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study was conducted at a lower temperature with more media over a longer time in an
attempt to prevent this from occurring too quickly. This assay examined a variety of
fungicides featuring varied active ingredients with different solubility. Most notably,
Banrot and T-Bird applications greater than 0.25x precipitated out of solution. The
colloidal particulate would become incorporated into the mycelial masses, and appeared
to inhibit growth. The failure of this material to dissolve was most noticeable in jars
containing 2.0x T-Bird, where dry weights were significantly larger due to the excess
fungicide. Stronger concentrations were expected to limit growth of the sample and thus
yield the lowest weights. It is likely a saturation point for T-Bird was reached causing a
disproportionately higher dry weight to be recorded in the 2.0x. A similar problem was
seen for Banrot (Fig. 5.1). Tanos, unlike Banrot or T-Bird, completely dissolved within
the liquid media. However, this chemical treatment was unique in that it did not contain
thiophanate-methyl, an active ingredient of interest in this experiment. Tanos treatments
did not yield any significant reduction in dry weight from controls except at 2.0x, the
recommended label rate. Rates above 2.0x may have a larger impact on M. phaseolina
growth in vitro. Contamination was only observed in Banrot and Tanos treatments,
indicating the pasteurization technique for these fungicides may need to be altered for
future in vitro experiments. This trial revealed Banrot and T-Bird are potential candidates
for control of M. phaseolina isolate MP1; however, further study on impatiens will be
necessary to fully develop an effective control
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Table 5.1

Cymoxanil

(Dupont)

(Group 27 Fungicide)

(Group 11 Fungicide)

Fomaxadone

Tanos
25.0

25.0

46.2

Obtained from company labels, PubChem and the EPA.

z

(Group 1 Fungicide)

(Phoenix

Env. Care)

Thiophanate-methyl

T-Bird

(Group 1 Fungicide)

(Group 14 Fungicide)

25.0

Thiophanate-methyl

(Scotts)

(236.588 ml)

8 oz/acre

20 oz/100 gal/800 sq ft

1-9

6-28

7

7

7

15.0

Etridiazole

Banrot

6 oz/100 gal/800 sq ft

soil (days)

Composition (%)

(Manufacturer) Active ingredient

Recommended rates

Half-life in

Trade name

Trade name, active ingredients, percent composition, chemical and label information of fungicide treatmentsz used.

Table 5.2
on the label.

Trade name, Recommended application rates of fungicides as advertised

Treatment

Rate per acre

Banrot

9.2 Kg/acre

T-Bird

32.2 L/acre

Tanos

236 mg/acre

Table 5.3

Chemical names, melting point and properties of fungicides used.

Chemical name
34
z

Melting point (°C)

Special notes

Etridiazole

22

Photosensitive

Thiophanate-methyl

172

Unstable in pH above 9.0

Fomaxadone

140

Cymoxanil

160

Volatile above 160°Cz

Obtained from company labels, PubChem and the EPA.
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Table 5.4

Liquid basal media components for samples of M. phaseolina grown.
Adapted from culture media recipes for haustorial parasites z.
Ingredient

Amount

Glucose

25.0 g/L

Asparagine monohydrate

2.0 g/L

Yeast extract

2.0 g/L

Potassium phosphate (K2PO4)

1.0 g/L

Hydrated magnesium sulfate (MgSO4 x 7 H2O)

0.5 g/L

Biotin (5 µg/L)

1.0 ml/L

Thiamine (100 µg/L)

1.0 ml/L

Microelement solution

2.0 ml/L

35

-

0.2 mg FeSO4 x 7H2O

-

0.2 mg ZnSO4 x 7H2O

-

0.1 mg MnSO4 x H2O

-

1.0 L Distilled H2O

z

(Barnett, 1977)
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Table 5.5

36
z

Impact of fungicide and concentration on M. phaseolina dry weights 15
days after inoculation.

Treatment, concentration

Dry weight (g)

Control (0.00x)

1.143 ± 0.02 z

Banrot (0.25x)

1.011 ± 0.02

Banrot (0.50x)

0.999 ± 0.02

Banrot (1.00x)

0.991 ± 0.02

Banrot (2.00x)

0.714 ± 0.02

T-Bird (0.25 x)

1.001 ± 0.02

T-Bird (0.50x)

0.765 ± 0.02

T-Bird (1.00x)

0.664 ± 0.02

T-Bird (2.00x)

1.049 ± 0.02

Tanos (0.25x)

1.286 ± 0.02

Tanos (0.50x)

1.212 ± 0.02

Tanos (1.00x)

1.218 ± 0.02

Tanos (2.00x)

1.054 ± 0.02

(± SE reported from estimates generated by Proc Glimmix)
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Figure 5.1

(B)

(C)

Growth of M. phaseolina on liquid basal media containing one of three fungicides at 0.0x, 0.25x, 0.5x, 1.0x, and 2.0x
the recommended label rates. The fungicides tested were (A) Banrot (B) Tanos (C) T-Bird. Error bars represent ± SE.
Bars designated with the same letter are not statistically different.

(A)

Figure 5.2

Impact of fungicides concentrations on dry weight accumulation of M.
phaseolina 15 days after inoculation. Bars are clustered by fungicide
concentration with a control (i.e., no fungicide) for reference in each
grouping. Error bars represent ± SE. Bars designated with the same letter
are not statistically different.
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CHAPTER VI
SCREENING OF IMPATIENS SAMPLES FROM ACROSS THE SOUTHEASTERN
UNITED STATES TO DETECT PRESENCE OF MACROPHOMINA PHASEOLINA
Introduction
Impatiens stem canker (ISC) is a newly documented disease in impatiens caused
by Macrophomina phaseolina. It was first isolated in central Mississippi (Broderick et
al., 2016), which shares a similar climate with other southeastern states. Experiments
have shown that M. phaseolina has the ability to travel via the wind and rain (Fuhlbohm
et al., 2013), and is widely distributed across the U.S. No other reports of M. phaseolina
on impatiens have been reported in the U.S. (Reyes-Franco et al., 2006), and it is unclear
if the disease symptoms have been improperly diagnosed or unnoticed. The disease was
found during an unusually warm summer with little rainfall. The infected impatiens were
wilted and had stems collapse in a short, 2-week timeframe. It is important to determine
the scope of this problem on impatiens so appropriate resources may be utilized to
mitigate it. The goal of this work was to collect diseased impatiens from other eastern
states to determine the scope and distribution of the pathogen.
Materials and Methods
Three collection trips were made during the months of August and September in
2017 where samples were collected from 12 states. Impatiens with symptoms reminiscent
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of Impatiens Stem Canker (ISC) were cut near the base of the infected stem and
defoliated before being sealed in a sterile plastic bag. Each sample was assigned a label
and placed in a container within an ice-filled cooler until they could be plated out. GPS
coordinates were collected for each sample location. Prior to plating, each sample was
surface sterilized for 30 seconds in a 20% sodium hypochlorite solution. Samples were
then rinsed in sterile water under a laminar flow hood and grown on selective media at
room temperature containing 39 g of potato dextrose agar (PDA; BD Difco Fischer
Scientific, Hampton, NH), 30 µg·ml-1 streptomycin sulfate, 10 µg·ml-1 chlortetracycline,
and 50 µg·ml-1 ampicillin. Samples resembling M. phaseolina in vitro were then
subcultured to obtain monoclonal isolates for each sample. For DNA extraction, 100 mg
(wet weight) of monoclonal isolates were scraped from agar plates. A Qiagen DNEasy
(Quiagen, Hilden, Germany) plant mini kit was used to extract DNA, which was then
quantified using a d30 biophotometer (Eppendorf, Hamburg, Germany). For PCR
amplification, an internal transcribed spacer (ITS) region was amplified using ITS4 and
ITS5 primers (White et al., 1990). PCR for the ITS region was conducted using the
following steps: 3 min at 94°C followed by 40 cycles of 94°C for 25 s, 46°C for 30 s,
72°C for 60 s using the T100-model Thermocycler (Bio-Rad, Grand Junciton, OH). To
verify the size of the resulting amplicons, 5 µl of PCR product were run on a 1.2%
agarose gel stained with EZ-Vision 6x (Amresco LLC, Solon, OH) fluorescent dye,
which is visible with a UV transilluminator. PCR product was treated with Exosap-IT
cleanup reagent (ThermoFisher Scientific, Waltham, MA), incubated at 37°C for 15 min
and 80°C for 15 min, and sequenced at Eurofins Genomics using their SimpleSeq
(Eurofins, Louisville, KY) service. Sequencing files were viewed in Geneious (v9.1.8,
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Biomatters Inc., Newark, NJ). The end of the sequences that were of poor quality were
trimmed and the forward and reverse reads were aligned to generate high-quality
consensus sequences for each sample. The identity of these sequences was determined
using BLASTn against the non-redundant database. Samples were preserved in 20%
glycerol solution at -80°C for future study.
Results
Thirty-five impatiens plants were collected from 19 cities across 12 eastern states
(Table 6.1), and at least one isolate was obtained from each collection site that was
reminiscent of M. phaseolina in vitro. Impatiens × hybrida plants were sampled
whenever available, with many healthy-looking plants being included in the survey. At
least one fungal isolate reminiscent of M. phaseolina was able to be recovered from all
samples gathered. DNA was successfully extracted from all 26 monoclonal isolates. Nine
samples successfully amplified a PCR product using the ITS4 and ITS5 primers (Fig.
6.1). Of the nine samples that were amplified, three were clean enough to identify a
match using a BLASTn search against the non-redundant database. They were identified
as Phoma multirostrata (Alabama), Curvularia lunata, (Kentucky) and Colletotrichum
gloeosporioides (Tennessee).
Discussion
Many fungal pathogens have been documented on impatiens and they produce
similar symptoms of collapsing stems. Curvularia and Colletotrichum have both been
previously documented on impatiens (Shaw, 1984; Urtiaga, 1986); however, Phoma
multirostrata has not. Koch’s postulates will be required to determine if this fungus is
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capable of causing disease in impatiens. Many of the sequences were of lower quality,
which can occur when there is more than one amplicon being sequenced at a time. Using
TA-cloning and sending the samples for re-sequencing will likely result in the
identification of more fungal isolates, potentially even M. phaseolina. Very few reports
of M. phaseolina exist for impatiens; however, there is one report of it in the Middle East
in 1997 on a different impatiens species than what was reported by Broderick et al.
(2016; Ahmad et al., 1997). While M. phaseolina was not recovered in our survey,
flowerbeds across several states contained severely diseased impatiens plants, and it is
apparent that more disease resistance breeding needs to be of focus for this genus.
Interestingly, symptomatic impatiens were all recovered from environments that were at
risk of drying out during hot summer days, suggesting impatiens may perform better in
cooler environments where higher soil moisture levels can be maintained. This study
successfully isolated multiple fungal specimens that inhabit or otherwise threaten
impatiens as a host plant, even though no samples have yet to be identified as M.
phaseolina. With over 1000 species identified in the genus there is a lot of genetic
variability, which increases the likelihood of success to find more disease resistant
species that could be incorporated into commercially available impatiens.
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Table 6.1

Cities and states from which Impatiens × hybrida samples were collected
and studied to determine the scope and distribution of Macrophomina
phaseolina.

City

State

Latitude

Longitude

Dallas

Texas

32.7839

-96.7920

Monroe

Louisiana

32.5719

-92.0748

Clemson

South Carolina

34.6734

-82.8237

Durham

North Carolina

35.9951

-78.9468

Chapel Hill

North Carolina

35.9118

-79.0504

Athens

Georgia

33.9443

-83.3758

Atlanta

Georgia

33.7861

-84.3802

Birmingham

Alabama

33.4904

-86.7761

Bessemer

Alabama

33.3367

-86.9929

Chattanooga

Tennessee

35.0324

-85.2788

Knoxville

Tennessee

35.9725

-83.8924

Memphis

Tennessee

35.1100

-89.9183

Crestwood

Kentucky

38.3342

-85.4730

Louisville

Kentucky

38.2791

-85.6392

Dale

Indiana

38.1896

-86.9794

O'Fallon

Illinois

38.5790

-89.9196

Saint Louis

Missouri

38.6163

-90.2030

Perry Ville

Missouri

37.7322

-89.8768

West Memphis

Arkansas

35.1587

-90.2035
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CHAPTER VII
VARIATION IN RESPONSES TO MACROPHOMINA PHASEOLINA INFECTION ON
DIFFERENT IMPATIENS SPECIES AT 32°C
Introduction
Macrophomina phaseolina, the causal agent of Impatiens Stem Canker (ISC), has
only been documented so far on Impatiens × hybrida and I. balsamina (Broderick et al.,
2016; Ahmad et al., 1997). M. phaseolina infects a wide range hosts that include both
monocots and dicots. Additionally, it is difficult and expensive to control. Current
agricultural recommendations for combating the disease is to select resistant cultivars.
Impatiens is a very diverse genus of plants, with over 1000 described species and wide
variances in flower and plant morphology (Janssens et al., 2006). We have studied the M.
phaseolina isolate from impatiens both in vitro and in vivo, but no studies have been
conducted to screen for resistance among an array of impatiens species. Of interest are
the vast differences in the cuticular layer of various impatiens species. Many species’
cuticles vary in thickness and composition. The cuticle is an essential structure for
preventing infection on stem tissue for M. phaseolina (Cohen et al., 2012). The goal of
this research was to evaluate resistance to M. phaseolina isolate MP1 in a variety of
impatiens species, specifically looking at the defensive role the cuticle plays in
preventing infection.
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Materials and Methods
The experiment was conducted in a growth chamber (Percival model 1-35LLVL,
Percival Scientific, Perry, IA) that was sanitized with ZeroTol (Biosafe, East Hartford,
CT). Four clones of seven species of impatiens (Fig. 7.1) were propagated in a
greenhouse at the Truck Crops Experiment Station in Crystal Springs, MS for this study.
Plants were inoculated with M. phaseolina via Broderick et al.’s (2016) protocol, which
included using a sterile scalpel to gently slice into the cuticle of each stem to be
inoculated and placing a small plug of fresh M. phaseolina isolate MP1 mycelia directly
on the wound. Stems selected for inoculation without wounding were dressed with
mycelia in the same manner as the wounded stem inoculations as well as being wrapped
in Parafilm. The isolate of M. phaseolina used in this study was grown on media
containing 39 g of potato dextrose agar (BD Difco, Fischer Scientific, Hampton, NH) per
liter. Isolate MP1 is maintained in cryopreservation at -80°C in 20% glycerol solution at
Mississippi State University’s Truck Crops Experiment Station in Crystal Springs, MS.
Inoculated plants were grown at 32/22°C for day/night temperatures. The diurnal cycle
was set with 16 hours of light and 8 hours of darkness. Lesion development was rated
once per week on a scale from 1 to 6 with 1 = no lesion development, 2 = lesions less
than 10 mm, 3 = lesions between 10 to 40 mm, 4 = lesions larger than 40 mm, 5 = stem
collapse, and 6 = entire plant collapse. Lesion progression was monitored weekly for 4
weeks after inoculation. Plants were checked daily for adequate moisture and fertigated
as needed with 200 mg N·L-1 from 20N-4.4P-16.6K (Peter’s Professional 20-10-20, ICL
Specialty Fertilizers, Dublin, OH). Rating data were analyzed using Proc Glimmix (SAS

45

v9.4, SAS Institute, Cary, NC) and a least-square means separation was conducted to
determine significance of experimental variables.
Results
Disease rating was impacted by species being trialed and by treatment being
administered, but there was no interaction between treatment and species when both were
included in the model. All impatiens tested had at least some lesion development in both
unwounded and wounded inoculation sites; however, there were stark differences in plant
performance among species, with I. salpinx and I. niamniamensis having the most severe
disease progression at 100% mortality regardless of treatment (Fig. 7.1). Lesion
development was reduced by 40% in unwounded inoculation sites on I. sodenii, I.
grandis, and I. cinnabarina. Apart from I. walleriana × pseudoviola, all species in this
trial exhibited larger lesion development for wounded inoculation sites compared to
unwounded inoculations. Inoculations to wounded stems developed more severe disease
symptoms than unwounded (Fig. 7.2).
Discussion
Impatiens have recently been documented as a host to M. phaseolina, an
aggressive generalist pathogen. Other susceptible plant hosts to this pathogen have been
subject to resistance screening in ancestral germplasm (Pawlowski et al., 2015).
Searching for resistance in impatiens in a similar manner will provide essential data for
developing a breeding program. This biodiversity resistance screening demonstrated
differences in disease resistance exists among impatiens species. This suggests breeding
efforts will likely be able to produce resistant plant material to consumers in the future. I.
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sodenii, I. cinnabarina, and I. grandis had less disease progression than other species in
the trial, indicating they all may contain resistant genes and should be tested further.
These species are all capable of interspecific hybridization with commercial impatiens
(Keach & Bridgen, 2015). Breeding for M. phaseolina resistance or shifting production
towards more tolerant species could be a rapid-response approach to combatting M.
phaseolina presence on commercially-available impatiens.
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Figure 7.1

Disease severity of various Impatiens species after being grown at 32°C for 4 weeks. M. phaseolina isolate MP1 was
placed on both wounded and unwounded sites on impatiens stems and wrapped in Parafilm. Lesion progression was
rated weekly on four clones from each species for 4 weeks after inoculation. Ratings were assigned for disease
progression where 0 = no disease and 6 = entirely collapsed plant. Error bars represent ± SE. Bars designated with
the same letter are not statistically different.

Figure 7.2

Impact of cuticular damage on lesion development. Inoculum was placed
directly on wounded or unwounded sites on the stems and wrapped with
Parafilm. Ratings were taken weekly for 4 weeks after inoculation. Disease
ratings are averaged across all species trialed. Ratings were assigned for
disease progression where 0 = no disease and 6 = entirely collapsed plant.
Error bars represent ± SE. Bars designated with the same letter are not
statistically different.
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